Cyclocondensation reaction of ethyl 7,8-diamino-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (2) or the -3-carboxylic acid 3 with sym-1,2-diketones produced the corresponding ethyl 2,3-disubstituted pyrido[2,3-f ]quinoxaline-8-carboxylates (4a -h) or the -8-carboxylic acids 5a -h, respectively. The structures for these new heterocycles are supported by analytical and spectral (IR, MS, NMR) data. Compounds 5a -c, g, h exhibit moderate activity against an assortment of bacterial species.
Introduction
The chemistry, biological properties and technical applications of quinoxalines have received much interest worldwide, and the subject has been revived [2 -4] . Several synthetic and naturally occurring compounds containing the quinoxaline ring system were reported to exhibit a broad spectrum of biological activities including antitumor [5] , anti-HIV [6] , antimicrobial [7] , antiprotozoal [8] , antifungal [9] , antibiotic [10, 11] , and human cyclophilin A inhibitor [12] properties. On the other hand, synthetic second generation fluoroquinolones (e. g. ciprofloxacin) [13] have recently emerged as potent antiinfectious drugs [13, 14] .
We became interested in the bioproperties of pyridoquinoxalines in which the 1-substituted-4-oxopyridine-3-carboxylic acid entity, characteristic of antibacterial quinolones, is [ f ]-fused to 2,3-disubstituted quinoxalines having an extended conjugated system. In particular, we wish to report on the synthesis of some new ethyl 7-oxo-7,10-dihydropyrido[2,3-f ] quinoxaline-8-carboxylates (4a -h) and the respective acids (5a -h) via cyclocondensation of ethyl 7,8-diaminoquinoline-3-carboxylate (2) or its corresponding acid 3 with the appropriate sym-1,2-diketone as 0932-0776 / 08 / 0500-0555 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com shown in Scheme 1. The preparation of the 7,8-diamino synthons 2 and 3, utilizing the corresponding ethyl 7-azido-8-nitro-1,4-dihydroquinoline-3-carboxylate [15] , is outlined in Scheme 2.
Results and Discussion
In the present study, reduction of ethyl 7-azido-1-cyclopropyl-6-fluoro-8-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (1) [15] with stannous chloride in conc. HCl at r. t. yielded ethyl 7,8-diamino-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (2) . However, when the reduction of 1 was conducted in ethanol under reflux, the corresponding 7,8-diamino-1,4-dihydroquinoline-3-carboxylic acid (3) was formed as the sole product (Scheme 2). This result is an improvement of the recently reported [16] reduction conditions of 1 that led to the formation of a separable mixture of 2 and 3.
The synthesis of ethyl 2,3-disubstituted-10-cyclopropyl-5-fluoro-7-oxo-7,10-dihydropyrido[2,3-f ] quinoxaline-8-carboxylates 4a -h is achieved by utilizing ethyl 7,8-diaminoquinoline-3-carboxylate (3) as the common building block and constructing the pyrazine ring thereat (Scheme 1). For this purpose, Scheme 1.
Scheme 2.
the appropriate 1,2-dione is brought to interact with 3 wherein double sequential condensations (involving the amino-and keto-groups) are ensued with ultimate formation of the respective target products 4a -h. Likewise, direct interaction of 2 with the particular 1,2-diones furnished the corresponding 2,3-(symdisubstituted)-10-cyclopropyl-5-fluoro-7-oxo-7,10-dihydropyrido[2,3-f ]quinoxaline-8-carboxylic acids 5a -h (Scheme 1). The latter compounds are also accessible via acid-catalyzed hydrolysis of the respective ethyl esters 4a -h.
The spectral (IR, MS, NMR) and microanalytical data for the new compounds 4a -h and 5a -h are compatible with the assigned structures and are given in the Experimental Section. Thus, the mass spectra of 4 and 5 display the correct molecular ion peaks as suggested by their molecular formula, and for which the measured high-resolution HRMS (ESI) data are in good agreement with the calculated values. Assignments of the 1 H and 13 C signals to the different respective protons and carbons are based on DEPT and 2D (COSY, HMQC, HMBC) experiments which showed correlations consistent with these assignments. Salient features of the skeletal carbons (C-3, C-5, C-6, C-4a, C-6a, C-10a, C-10b) of compounds 4a -h and 5a -h are their characteristic doublets arising from spinspin coupling with the neighboring fluorine atom; of these the C-3 doublet, with 4 J C−F ∼ 2 Hz, is centered in the range δ = 149 -151.6 ppm [17] . On the other hand, C-2 resonates at lower field (δ = 152 -155 ppm) [17] as a singlet. These features constitute distinct criteria that enabled the differentiation between C-2 and C-3. The NMR spectral data of some compounds, e. g. 4d and 5d, revealed clearly that the signals arising from the phenyl moiety at C-3 are distinguishable from those of the other phenyl group re- siding at C-2. This is evidenced from the fact that 2 -H / 6 -H showed strong three-bond correlations with the C-3 doublet, while 2 -H / 6 -H are correlated with the C-2 singlet. Long-range correlations are also observed between 6-H and each of C-4a, C-10a and C-7, as well as between 9-H and each of C-10a, C-7, CO 2 Et and C-1 , and between 1 -H and each of C-10a and C-9.
Antimicrobial Activity
Compounds 5a -d, f -h were tested against an assortment of bacterial and fungal species using the agar diffusion method. Compounds 5a -c and 5g, h exhibited moderate potency against the tested bacterial strains as given in Table 1 . However, compounds 5a -d, f -h were inactive against Candida albicans and Mucor miehei; they were also inactive against three microalgae, namely Chlorella vulgaris, C. sorokiniana and Scenedesmus subspicatus.
Experimental Section
2,4-Dichloro-5-fluoro-3-nitrobenzoic acid, ethyl 3-(N,Ndimethylamino)acrylate, cyclopropylamine, 2,3-butanedione, benzil, 4,4 -dimethoxybenzil, 4,4 -dimethylbenzil, 4,4 -dichlorobenzil and α-furil were purchased from Acros. α-Thenil and α-pyridil were purchased from Aldrich. Melting points (uncorrected) were determined on a Gallenkamp electrothermal melting-temperature apparatus. 1 H, 13 C NMR, DEPT, and 2D (H-H COSY, HMQC, HMBC) spectra were measured on a Bruker DPX-300 instrument. Chemical shifts are expressed in ppm with reference to TMS as internal standard. Electron impact mass spectra (EIMS) were obtained using a Finnigan MAT TSQ-70 spectrometer at 70 eV and at an ion source temperature of 200 • C. High-resolution mass spectra (HRMS) were measured in positive ion mode by electrospray (ESI) on an APEX-Qe 94 instrument. Infrared spectra were recorded as KBr discs on a Nicolet Impact-400 FT-IR spectrophotometer. Microanalyses were preformed at the Microanalytical Laboratory of the Hashemite University, ZarqaJordan.
Anhydrous stannous chloride (5.3 g, 28 mmol) was added portionwise to a stirred and ice-cooled (4 -8 • C) solution of ethyl 7-azido-1-cyclopropyl-6-fluoro-8-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (1) [15] (2.2 g, 6.3 mmol) in 36 % aqueous HCl (50 mL). The reaction mixture was further stirred at r. t. for 24 h, then diluted with ice-cooled water (50 mL), basified with 40 % cold aqueous NaOH solution to pH ∼ 8 and set aside for 10 -20 min. The precipitated solid product was collected by suction filtration, purified by flash column chromatography using silica gel and eluting with chloroform, then chloroform + methanol (9 : 1, v/v), and finally recrystallized from ethanol. Yield: 1.5 g (78 %), m. p. 282 -284 • C (dec.) (284 -286 • C (dec.) [16] 
7,8-Diamino-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (3)
A solution of ethyl 7-azido-1-cyclopropyl-6-fluoro-8-nitro-4-oxo-1,4-dihydroquinoxaline-3-carboxylate (1) (2.2 g, 6.3 mmol) and SnCl 2 · 2H 2 O (6.7 g, 30 mmol) in ethanol (50 mL) was refluxed for 40 -45 h. The reaction mixture was cooled to r. t., then poured into water (50 mL), treated portionwise with 40 % cold aqueous NaOH to pH ∼ 9 -10, and extracted with ethyl acetate (2 × 30 mL). The aqueous layer was made acidic with 3N HCl (to pH ∼ 3 -4), then extracted with ethyl acetate (3 × 30 mL). The organic layer was dried (anhydrous sodium sulfate) and concentrated to a small volume under reduced pressure; the resulting solid product was collected and dried. Yield: 0.72 g (41 %), m. p. 291 -293 • C (dec.) (295 -296 • C (dec.) [16] [M+H] + ).
Ethyl 10-cyclopropyl-5-fluoro-2,3-dimethyl-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4a)
A stirred mixture of 2 (0.61 g, 2 mmol) and 2,3-butanedione (0.17 g, 2 mmol) in absolute ethanol (50 mL) and glacial acetic acid (0.1 mL) was brought to gentle reflux for 2 -3 h. The resulting clear reaction solution was then cooled, and the precipitated white solid product was collected, washed with water, dried and recrystallized from ethanol. 
Ethyl 10-cyclopropyl-5-fluoro-7-oxo-2,3-diphenyl-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4b)
This compound was prepared from 2 (0.61 g, 2 mmol) and benzil (0.42 g, 2 mmol), following a similar procedure as described above for 4a. 
Ethyl 10-cyclopropyl-5-fluoro-2,3-bis-(4-methoxyphenyl)-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4c)
This compound was prepared from 2 (0.61 g, 2 mmol) and 4,4 -dimethoxybenzil (0.54 g, 2 mmol), following a similar procedure as noted above for 4a. 
Ethyl 10-cyclopropyl-5-fluoro-7-oxo-2,3-di(p-tolyl)-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4e)
This compound was prepared from 2 (0.61 g, 2 mmol) and 4,4 -dimethylbenzil (0.48 g, 2 mmol), following a similar procedure as described above for 4a. 
Ethyl 10-cyclopropyl-5-fluoro-7-oxo-2,3-di(thien-2-yl)-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4f)
This compound was prepared from 2 (0.61 g, 2 mmol) and 2,2 -thenil (0.44 g, 2 mmol), following a similar procedure as described above for 4a. 
Ethyl 10-cyclopropyl-5-fluoro-2,3-di(furan-2-yl)-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4g)
This compound was prepared from 2 (0.61 g, 2 mmol) and α-furil (0.38 g, 2 mmol), following a similar procedure as described above for 4a. 
Ethyl 10-cyclopropyl-5-fluoro-7-oxo-2,3-di(pyridin-2-yl)-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylate (4h)
This compound was prepared from 2 (0.61 g, 2 mmol) and 2,2 -pyridil (0.42 g, 2 mmol), following a similar proce- 1H, 1 -H 
10-Cyclopropyl-5-fluoro-2,3-dimethyl-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylic acid (5a)
Method (i): A stirred mixture of 3 (0.55 g, 2 mmol) and 2,3-butanedione (0.17 g, 2 mmol) in absolute ethanol (50 mL) and glacial acetic acid (0.1 mL) was brought to gentle reflux for 5 -6 h. The resulting reaction solution was then cooled, treated with cold water (25 mL), and the precipitated white solid product was collected, washed with water and dried. Yield: 0. Method (ii): The title compound was also prepared via hydrolysis of the respective ethyl ester 4b (0.20 g, 0.42 mmol), following a similar procedure as described above in method (ii) for 5a. Yield: 0.18 g (94 %).
10-Cyclopropyl-5-fluoro-2,3-bis(4-methoxyphenyl)-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylic acid (5c)
Method (i): This compound was prepared from 3 (0.55 g, 2 mmol) and 4,4 -dimethoxybenzil (0.54 g, 2 mmol), follow-ing a similar procedure as described above in method (i) for 5a. Compound 5c was also prepared via hydrolysis of the respective ethyl ester 4c (0.43 g, 0.80 mmol), following a similar procedure as described above in method (ii) for 5a. Yield: 0.37 g (91 %). Compound 5d was also prepared via hydrolysis of the respective ethyl ester 4d (0.38 g, 0.70 mmol), following a similar procedure as described above in method (ii) for 5a. Yield: 0.34 g (94 %). Cyclopropyl-5-fluoro-7-oxo-2,3-di(p-tolyl) Method (ii): Compound 5e was also prepared via hydrolysis of the respective ethyl ester 4e (0.33 g, 0.65 mmol), following a similar procedure as described above in method (ii) for 5a. Yield: 0.28 g (90 %).
2,3-Di(4-chlorophenyl)-10-cyclopropyl-5-fluoro-7-oxo-7,10-dihydropyrido[2,3-f]quinoxaline-8-carboxylic acid (5d)
Method
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